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THIS IS FOR REFERENCE
EBV, lymphoma and related disorders

Polyclonal, oligoclonal and monoclonal lymphoproliferative disorders post-transplantation and in other immunodeficient subjects

Post-transplant lymphoproliferative disorders related to immunosuppression have been observed particularly following solid organ transplantation (kidney, heart, heart/lung, thymus, liver and intestine) and to a lesser extent following bone marrow transplantation (Hopwood & Crawford 2000, Cohen 1991). The incidence following solid organ transplantation is related to the degree of immune suppression and in some series of patients has been as high as 20 to 25%. It is highest following heart/lung and intestinal transplantation. Following bone marrow transplantation, the cumulative incidence is around 1% by 10 years, although the majority of cases occur within the six months (Curtis et al. 1999).  Although the incidence is low, EBV-related lymphoproliferation is responsible for more than half of the cases of malignant disease following bone marrow transplantation (Hopwood & Crawford 2000). The incidence is greater in children than in adults because of the greater risk associated with primary EBV infection. Following bone marrow or other stem cell transplantation, an EBV-related lymphoproliferative disorder is more likely if the transplant is mismatched or T-cell depleted, or if anti-lymphocyte globulin, anti-thymocyte globulin, anti-CD3 or tacrolimus (FK506) is used for prophylaxis or treatment of graft-versus-host disease (Curtis et al. 1999, Shapiro et al. 1998, Fischer et al. 1991). The risk is greater when T or T and NK cells are selectively removed than when both T and B cells are removed (Curtis et al. 1999). Conversely, removal of B cells is protective (Moss 2001). Both acute and chronic graft-versus-host disease correlate with an increased risk, relating to early and late lymphoproliferation respectively (Curtis et al. 1999). Occasional cases have followed autologous transplantation (Cohen 1991) and one case has been reported following a ‘mini-transplant’ (non-myelo-ablative conditioning) (Milpied et al. 1999). The onset of EBV-related lymphoproliferation typically occurs 2 to 3 months after bone marrow transplantation but 6 months or more after solid organ transplantation. A similar lymphoproliferative disorder can occur in other congenital and acquired immune deficiency states including severe combined immune deficiency, ataxia telangiectasia, Wiskott-Aldrich syndrome, adenosine deaminase deficiency, the X-linked lymphoproliferative syndrome, Chédiak-Higashi syndrome, common variable immunodeficiency, HIV infection and during methotrexate or ciclosporin therapy for rheumatoid arthritis, psoriasis or dermatomyositis. At least six cases have been reported in patients on maintenance therapy after induction of remission in acute lymphoblastic leukaemia (Foran et al. 1999). This syndrome can result from primary infection (virus acquired from organ donor or from blood or blood products) or from reactivation of EBV but primary infection at the time of transplantation carries the highest risk. The risk associated with primary infection has been estimated to be ten-fold higher (Haque et al. 1999). The proliferating virus-infected B cells may be of donor or host origin.  Following solid organ transplantation, they are usually but not always of host origin whereas, following bone marrow transplantation, they are usually of donor origin  (Shapiro et al. 1998, Spiro et al. 1993, Baumforth et al. 1999). 


Post-transplant lymphoproliferative disorders range from polyclonal through oligoclonal proliferations to monoclonal lymphomas (Hanto et al. 1981, Hanto et al. 1983, Frizzera et al. 1981, Craig et al. 1993, Knowles et al. 1995). They are specifically identified in the World Health Organization (WHO) classification of Tumours of Haematopoietic and Lymphoid Tissues (Harris et al. 2001). Lymphoproliferative disorders observed post-transplant are often multifocal and extranodal. They often develop in the gut, central nervous system or transplanted organ, suggesting that micro-environmental factors contribute to their development. At one extreme, polyclonal proliferations may resemble severe infectious mononucleosis clinically and pathologically (with fever, pharyngitis and cervical lymphadenopathy) while at the other extreme are high grade, monoclonal, clinically very aggressive lymphomas. Primary infection is often associated with an infectious mononucleosis-like illness whereas previously seropositive recipients are more likely to develop solid tumours (Haque et al. 1999). Serological tests may give evidence of primary EBV infection or of reactivation but antibody responses are not always seen in these immunosuppressed patients (Hanto et al. 1981, Craig et al. 1993). Previously seropositive patients usually have high titre antibodies but when a lymphoproliferative disorder follows primary EBV infection, the appearance of both EBV-specific and heterophile antibodies is often delayed and the titre may be low (Hopwood & Crawford 2000). In liver transplant patients, the appearance of monoclonal or polyclonal immunoglobulin bands in the serum has been found to be predictive of development of a lymphoproliferative disorder (Lemoine et al. 2001).  


Clonality studies in EBV-related lymphoproliferative disorders may be based on: (i) immunohistochemistry to demonstrate light chain restriction (which often gives a misleading impression of polyclonality); (ii) analysis for immunoglobulin gene rearrangement; (iii) EBV analysis and (iv) cytogenetic or molecular genetic analysis to demonstrate tumour-related translocations or gene rearrangements. The first three techniques provide evidence of monoclonality while only cytogenetic or molecular genetic analysis provides convincing evidence that the monoclonal population is neoplastic. It has been suggested that monoclonal proliferation is not necessarily indicative of neoplasia, possibly representing extreme clonal expansion (Shapiro et al. 1998). However some cases show acquired clonal cytogenetic or molecular genetic abnormalities, such as t(8;14) and rearrangements or mutations of  c-MYC, RAS, BCL6 or TP53 genes, and can reasonably be interpreted as true neoplasms. Because of an admixture of polyclonal cells, immunohistochemistry may fail to demonstrate a monoclonal population that is revealed by investigation of immunoglobulin gene rearrangement. Occasionally there appears to be polyclonality on immunoglobulin gene studies but EBV is found to be monoclonal, suggesting either that transformation occurred in an early cell that had not yet undergone gene rearrangement or that mutation of immunoglobulin genes occurred after neoplastic transformation (Borisch et al. 1992, Kaplan et al. 1994). Similarly, some patients have a single episomal form of EBV but different immunoglobulin gene rearrangements in tumours at different sites (Kaplan et al. 1994). EBV infection of B-lineage cells that have not yet undergone immunoglobulin gene rearrangement has also been observed in post-transplant lymphoproliferative disorder so it is clear than infection of early B cells can occur; immunoglobulin gene rearrangement may follow in some but not all cases.


Post-transplant lymphomas are usually diffuse large B-cell lymphomas, often with immunoblastic or large cell anaplastic features. Sometimes they have the histological features of Burkitt’s lymphoma or Burkitt-like lymphoma. Occasional cases of EBV-positive plasmacytoma have also been reported in immunodeficient hosts (Randhawa et al. 1994) including a high proportion of oral plasmablastic lymphomas in HIV-positive patients (Delecluse et al. 1997). 


Occasionally EBV-related lymphomas occurring post-transplant or in an immunodeficient host (e.g. an HIV-infected subject) are of T rather than of B lineage (Thomas et al. 1993, Waller et al. 1993).  A post-renal transplant lymphoproliferative disorder in which the clonal cells were of NK lineage has also been reported (Kwong et al 2000).  In severe EBV-related haemophagocytic syndromes an occult T-cell lymphoma may actually be quite common (Imashuku et al. 2000b).


Although the great majority of lymphoproliferative disorders following transplantation are EBV-related this is not invariable. Some late onset T-lineage cases, for example, are unrelated to this virus (Curtis et al. 1999, Wu et al. 2000, Harris et al. 2001) and cases tested have also been negative for human herpes virus 8 (HHV8) and human T-cell lymphotropic virus-I (HTLV-I) (Litz & Hanson 2000).  In addition, occasional cases of post-transplant B-cell lymphoma have been reported in which tumour cells expressed EBV RNA (EBER-1) and were monoclonal on immunoglobulin gene analysis but showed polyclonal EBV; this suggests that, in these patients, EBV infection of B cells occurred after neoplastic transformation (Sadahira et al. 2001).  


Polyclonal as well as monoclonal proliferations are often fatal, since lymphoid infiltration leads to multi-organ failure. Regression of polyclonal and oligoclonal disorders, and sometimes even monoclonal proliferations, may occur on reduction of immunosuppression. Aciclovir may be of benefit in polyclonal proliferation associated with an infectious mononucleosis-like illness occurring early after transplantation but it should be noted that aciclovir is effective only when cells are going through a lytic cycle with viral replication. Linear replicating virus is not generally found in post-transplant lymphoproliferative disorders (Kaplan et al. 1994). The drug has no effect on latent infection with circularized (episomal) virus. The anti-viral drug, foscarnet, appeared to be of benefit in one HIV-positive patient with polyclonal lymphoproliferation (Schmidt et al. 2000). Therapy with anti-CD20, anti-CD21, anti-CD22-directed immunotoxin, anti-CD23 and anti-CD24 monoclonal antibodies has been reported to be of some benefit, sometimes even in patients with a monoclonal proliferation, histological features of a diffuse large cell lymphoma and acquired chromosomal abnormalities (Cohen 2000, Fischer et al. 1991, Faye et al. 1998, Cook et al. 1999, Gallego et al. 2002). In some patients, chemotherapy, radiotherapy or surgical excision of localized tumours has been of benefit. Interferon-( has occasionally been useful (Haque et al. 1999, Bethune et al 2001). Infusion of unselected donor leucocytes has been useful but is associated with a risk of graft-versus-host disease (Moss 2001). Adoptive transfer of donor EBV-specific cytotoxic T-cells avoids the risk of graft-versus-host disease and has resulted in the elimination of disease in post-transplant lymphoproliferative disorders when the proliferation is of donor lymphocytes (Papadopoulos et al. 1994, Rooney et al. 1995, Savoldo et al. 2000). However, mutation of the virus may lead to escape from control (Gottschalk et al. 2001).  Such cells, generated ex vivo, have also been used prophylactically (Savoldo et al. 2000).  For recipients of solid organ transplants, in whom EBV-linked lymphoproliferative disorders usually arise in recipient cells, cytotoxic EBV-specific T lymphocytes can similarly be generated ex vivo from host lymphocytes (Savoldo et al. 2000) and have been used for prevention of lymphoproliferative disorders when rising EBV DNA levels indicate an enhanced risk (Comoli et al. 2002). Other experimental approaches include vaccination of seronegative recipients, pre-emptive use of anti-CD20 monoclonal antibodies in high-risk patients (van Esser et al. 2002) and development of banks of EBV-specific cytotoxic T cells of known HLA type from healthy blood donors (Haque et al. 1999). Quantification of viral DNA in plasma by real time PCR has been found to be not only predictive of EBV-related post-stem cell transplant lymphoproliferation but also useful in monitoring response to treatment (van Esser et al. 2001a,b, 2002).

Non-Hodgkin lymphoma

The first virus-associated lymphoma described in man was endemic Burkitt lymphoma, initially recognized in African children by Dennis Burkitt and later shown to be aetiologically linked to EBV infection. Subsequently, EBV was shown experimentally to induce lymphoma in cotton top marmosets and owl monkeys. Since then the range of lymphoid neoplasms recognized as being associated with EBV has steadily increased (Table 1) and other herpesviruses, particularly HHV8, have also been implicated in lymphomagenesis. As will be seen from Table 1, many of these EBV-associated lymphomas are increased in incidence in individuals with impaired immunity. Other than Burkitt lymphoma, the lymphomas most often associated with EBV are large B-cell lymphomas (particularly but not only in immunodeficient hosts) and nasal and nasal-type T cell and NK cell lymphoma. Many of the EBV-related lymphomas show a widely differing incidence in different parts of the world.      


Although large B-cell lymphomas associated with EBV have been predominantly in immunodeficient subjects, this virus is also occasionally associated with certain subtypes of large B-cell lymphoma in immunocompetent individuals, e.g. primary effusion lymphoma. 


Primary body cavity or primary effusion lymphoma has been observed particularly but not only in immunodeficient patients; HIV-infection is a common underlying cause but a case has also been reported following heart transplantation (Dotti et al. 1999). In the majority of reported cases, neoplastic cells have been co-infected with EBV and HHV8 but in HIV-negative patients there may be HHV8 without EBV.


The worldwide dissemination of the human immunodeficiency virus (HIV) and the consequent rapid increase in the prevalence of AIDS has led to a striking numerical increase in the incidence of the many EBV-related lymphomas that occur in a setting of immune deficiency.  These have been particularly Burkitt and Burkitt-like lymphoma and large cell B-lineage lymphoma, including intracerebral lymphoma (Frizzera et al. 1981, Craig et al. 1993, Knowles et al. 1995)

Although the first EBV-related lymphomas described were all of B-lineage, some T- and NK-lineage lymphomas were subsequently found to be EBV-related. Of these, the most frequently observed association is with nasopharyngeal T and NK lymphomas, observed particularly in Chinese patients (in China, Hong Kong and Taiwan) but also in Japanese (Su et al. 1992) and occasionally in the west. A significant association of EBV with intestinal T-cell lymphoma has also been observed; as for T and NK-lineage nasopharyngeal lymphomas, there is a marked variation in incidence between different geographic areas, ranging from 10% in Europe through 50% in Japan to approaching 100% in Mexico (Katoh et al. 2000).  Some NK-like aggressive T-cell lymphomas in immunosuppressed subjects have also been found to be EBV-associated (Waller et al. 1993, Shiong et al. 1992, Kumar et al. 1993, Macon et al. 1996, Natkunam et al. 1999). These have a CD3-positive, CD56-positive immunophenotype with expression of either (( or (( T-cell receptor (Macon et al. 1996, Natkunan et al. 1999). Some EBV-related lymphomas in HIV-infected individuals are of T-lineage (Thomas et al. 1993). 


Before concluding that a lymphoma is EBV-related, it is necessary to demonstrate that the virus is within tumour cells rather than in bystander lymphocytes. Sensitive techniques such as PCR applied to lymphoma tissue will overestimate the EBV-association. Demonstration of an apparent EBV-association by this technique must be followed by more rigorous testing, e.g. by either in situ hybridization (ISH) to demonstrate viral DNA or virus-encoded RNA (EBER) in tumour cells or by immunohistochemistry to demonstrate expression of EBNA1, EBNA2 or LMP2 protein (Baumforth et al. 1999). It is also desirable to demonstrate that the virus is monoclonal, thus indicating that the single cell that underwent malignant transformation was already infected by the virus, which could therefore have contributed to the transformation. This can be done by analysis dependent on the variable number of terminal repeats in the episomal form of the virus. When using ISH, EBV is sometimes demonstrated in large polyclonal B cells within tissues showing infiltration by a T-cell lymphoma. This has been reported in adult T-cell leukaemia/lymphoma and in angioimmunoblastic T-cell lymphoma (Quintanilla-Martinez 1999) and is likely to reflect impaired immunity resulting from the primary disease.


The pattern of expression of viral genes differs in different types of EBV-related lymphoproliferative disorders (Table 2).

Burkitt lymphoma

De novo Burkitt lymphoma occurs in endemic, sporadic and HIV-related forms (Blum et al. 2004). In addition, rare cases of Burkitt lymphoma occur as a transformation of a low-grade lymphoproliferative disorder such as follicular lymphoma or chronic lymphocytic leukaemia. The association with EBV differs, being almost invariable in the endemic form, approximately 30% in HIV-related cases and approximately 10-20% in sporadic cases. Endemic disease occurs in the holoendemic falciparum malaria areas of tropical Africa and Papua and New Guinea whereas sporadic cases are characteristic of the developed world. An intermediate incidence is seen in North Africa, Egypt, the Eastern Mediterranean, the Middle East, India and South America. The prevalence of EBV-association in areas of intermediate incidence is intermediate between that observed in Africa and in the West. Endemic cases have been shown to have antibody titres to EBV very much higher than those of controls before development of the lymphoma. Evidence for malaria as an aetiological cofactor includes not only the geographic distribution of endemic disease but also a lower incidence in children with sickle cell trait and in areas of tropical Africa where malaria has been controlled (Burkitt 1983).  The observation of integrated defective EBV genome in the absence of expression of EBV antigens in a significant proportion of sporadic cases of Burkitt lymphoma (Razzouk et al. 1986) suggests that the contribution of EBV to non-endemic Burkitt lymphoma may have been underestimated and that persistent expression of the virus may not be necessary for the maintenance of the lymphoma.


All types of Burkitt lymphoma show an associated with one of three chromosomal rearrangements involving MYC and one of the immunoglobulin genes (Table 3) (Kornblau et al. 1991). MYC is a DNA-binding transcription factor which, in Burkitt lymphoma, is often not only translocated but also somatically mutated. Expression of MYC is dysregulated. The precise breakpoints on chromosomes 8 and 14 differ between EBV-associated (endemic and other) and non-EBV-associated cases of Burkitt lymphoma. Breakpoints on chromosome 14 cluster more upstream, 5’ to or within the joining region of IGH, in EBV-related cases whereas in sporadic cases, unrelated to EBV, they cluster in the switch region. This suggests that the translocation may occur at a later stage of B-cell differentiation in sporadic, non-virus-related cases (Baumforth et al. 1999, Mauvieux et al. 1996). Breakpoints on chromosome 8 are usually outside the MYC locus in endemic EBV-related Burkitt lymphoma whereas they are either 5’ to the first non-coding MYC exon, within the first exon or within the first intron in sporadic Burkitt lymphoma (Baumforth et al. 1999). In HIV-related Burkitt lymphoma, breakpoints more often resemble those of sporadic Burkitt lymphoma but breakpoints similar to those in endemic Burkitt lymphoma can also occur (McKeithen et al. 1990). EBV-associated lymphomas in HIV-positive patients have been found to have a specific phenotype ( BCL6-negative, MUM1/IRF4-positive, CD138-positive — suggesting an origin in post-germinal centre B cells (Carbone et al. 2001); this has been found not only for Burkitt lymphoma but also for immunoblastic and other large diffuse B-cell lymphomas, primary effusion lymphoma, oral plasmablastic lymphoma and Hodgkin lymphoma. 

Intracerebral large B-cell lymphoma 

In HIV-positive individuals, intracerebral large B-cell non-Hodgkin lymphoma is consistently EBV positive whereas large B-cell lymphomas in subjects with normal immunity differ histologically (lacking the plasmacytoid differentiation that is seen in tumours in HIV-positive patients) and are only occasionally EBV positive (Camilleri-Broët et al. 1997, Camilleri-Broët et al. 1998, Murphy et al. 1990). The role of EBV in maintaining the malignant cell phenotype is unknown. The apparent efficacy of relatively low dose hydroxyurea in primary CNS lymphoma suggests a possible ongoing role for the virus since hydroxyurea eradicates extrachromosomal DNA including EBV episomes (Slobod et al. 2000).

Systemic large B-cell lymphoma 

Extracerebral large cell lymphomas in HIV-positive individuals are associated with EBV in about a third of cases. EBV-association is much less frequent in large cell lymphomas in subjects with normal immunity. In HIV infection, EBV association is seen in both B-lineage large cell anaplastic lymphoma and immunoblastic lymphoma but may be more common in the former  (Carbone et al. 1993). 

Primary effusion lymphoma

In HIV-positive individuals, primary effusion or body cavity lymphoma (Knowles et al. 1989) is fairly consistently associated with the presence in lymphoma cells of both EBV and HHV8 (Cesarman et al. 1995) although occasionally EBV is lacking (Carbone et al. 2001). This lymphoma has also occurred in other immuno-incompetent individuals, for example following heart transplantation (Dotti et al. 1999). EBV and HHV8 co-infection of lymphoma cells has also been demonstrated in a large cell immunoblastic cutaneous lymphoma in an HIV-positive patient who did not have any evidence of a body cavity lymphoma (Morand et al. 1999). In immunologically normal hosts, primary effusion lymphoma is sometimes associated with the presence of HHV8 without EBV. 


Cytologically, primary effusion lymphoma has similarities to both immunoblastic lymphoma and to anaplastic large cell lymphomas. The immunophenotype is unusual for a B cell with expression of CD45, HLA-DR, CD30, CD38, CD71 and CD138 but not usually of CD19, CD20, CD22 or CD23. Epithelial membrane antigen may be expressed. There is clonal rearrangement of immunoglobulin heavy and light chain genes. Complex cytogenetic abnormalities are usual.

Pyothorax-associated B-cell lymphoma 

Patient with chronic pyothorax, particularly tuberculous pyothorax, sometimes develop pleural B-cell lymphoma in which the tumour cells are positive for EBV (Sasajima et al. 1993, O'Donovan et al. 2001). Occasional cases have co-infection with HHV8 (O'Donovan et al. 2001). Lymphomas occur in about 2% of patients with chronic pyothorax and have developed 22 to 55 years after the occurrence of the pyothorax. These lymphomas differ from primary effusion lymphoma in that the lymphoma is a solid mass and the lymphoma cells do not express CD30. 

Nasopharyngeal and other related NK and T-cell lymphoma
EBV-related NK and T-cell lymphomas have been recognised particularly in people of Japanese, Chinese and Korean ethnic origin. There is also a high incidence in Peru and Mexico. The disease is less frequent among Caucasians in Europe and North America. This type of EBV-related NK and T-cell lymphoma is very frequently located in the nasopharynx. Less often it occurs at other extra-nodal sites. The term ‘nasal-type NK/T cell lymphoma’ encompasses both nasal and non-nasal lymphomas with the same histological features. The majority of cases are of NK origin and a minority of T-cell origin.  


Extra-nodal nasal-type NK lymphoma is a distinct entity, which shows the same strong association with EBV in high and low incidence areas. Histologically these lymphomas are very pleomorphic; they are often angiocentric and angiodestructive with necrosis being common. Lymphoma cells have azurophilic granules. Some cases have the clinical and pathological features previously described as ‘lethal midline granuloma’. The typical immunophenotype of the nasal-type NK lymphoma is CD2+, cytoplasmic CD3(+, CD7+, CD56+, TIA-1+, CD3-, CD5-, CD16-, CD57- (Matano et al. 1999, Suzumiya et al. 1999); T-cell receptor (TCR) proteins are not expressed and TCR genes are not rearranged. A minority of cases differ in that there is expression of CD3 and TCR genes are rearranged (Suzumiya et al. 1999). In some studies, EBV has shown a single episomal form indicating monoclonality (Suzumiya et al. 1999) while other studies have shows a number of different episomes of EBV in a single individual, possibly because lymphoma tissue from the nasopharynx was contaminated with virus from oropharyngeal secretions (Chang et al. 1999). 


EBV-positive NK cell leukaemia appears to be a condition that is closely related to nasal-type NK/T cell lymphoma. It occurs in Asia and has neoplastic cells very similar to those in nasal-type NK/T cell lymphoma. The cells often have azurophilic granules but appear immature (Akashi et al. 2000). The typical immunophenotype is CD2+, CD7+, CD56+, CD3- and CD57-. CD8 and CD16 are sometimes expressed (Akashi et al. 2000). Haemophagocytic lymphohistiocytosis is usually present (Akashi et al. 2000). 

 
Other aggressive forms of NK-cell leukaemia/lymphoma, in which the typical pattern of tissue infiltration differs from that of nasal-type NK cell lymphoma, are also usually EBV-associated.   Lymphoma cells have azurophilic granules. Typically there is infiltration of lymph nodes, liver and spleen with peripheral blood and bone marrow involvement. The immunophenotype is similar to that of nasal-type NK lymphoma and EBV-associated NK-cell leukaemia being CD2+, cytoplasmic CD3(+, CD7 +/-, CD38+, CD56+, CD3- and CD57- (Matano et al. 1999). 


Overall it has been estimated that approximately 65% of Far-East Asian T-cell and NK-cell lymphomas are EBV-related, in comparison with approximately 27% in the West (Sandvej et al. 1994).

Hodgkin lymphoma (previously known as Hodgkin’s disease)

An association between Hodgkin lymphoma and EBV has been suspected for many decades, on the basis of epidemiological and serological studies (Rosdahl et al. 1974, Mueller et al. 1989, Yang et al. 2001). Individuals with a history of infectious mononucleosis have a two to five-fold increase in the incidence of Hodgkin lymphoma and higher levels of antibodies to EBV are demonstrated in those who subsequently develop Hodgkin lymphoma. The likelihood of an aetiological association has been strengthened by the demonstration of EBV genomic DNA (Weiss et al. 1989) and EBV early RNAs (EBERs) within Reed-Sternberg cells and mononuclear Hodgkin’s cells in a significant proportion of patients with classical Hodgkin lymphoma (although positive cells in nodular lymphocyte-predominant Hodgkin lymphoma may represent bystander B lymphocytes (Anagnostopoulos et al. 2000). In a given immunocompetent individual, only a single episomal form of EBV is found in neoplastic cells indicating that the cell was already carrying EBV when neoplastic transformation occurred (Chang et al. 1999, Anagnostopoulos et al. 1989, Weiss 1989). There is a stronger association with mixed cellularity and lymphocyte-depletion Hodgkin lymphoma than with nodular sclerosing Hodgkin lymphoma and a stronger association in males than in females. An association has been observed in 40-50% of European and North American cases, about 60% of cases in China and in even higher percentages of cases in developing countries such as Peru and Kenya (Murray et al. 1999). In Japan, over a 44-year period, the prevalence of EBV-positive cases was 40% (Takeuchi et al. 2001). The prevalence of positivity was lowest in the nodular sclerosing subgroup and fell strikingly over this time period; it was postulated that, for nodular sclerosing Hodgkin lymphoma, this represented rising numbers of EBV-negative cases and falling numbers of EBV-positive cases as socio-economic status rose (Takeuchi et al. 2001). A link to socioeconomic status has also been observed in the UK (Flavell et al. 2000) and the USA (Grufferman et al. 2001).

Prevalence is also related to the age of the patient, being greatest in paediatric and older patients (Baumforth et al. 1999). However, the prevalence in different age groups varies between countries, with a very high association with EBV in childhood being found in developing countries whereas in developed countries there is a bimodal distribution of EBV-associated cases with the highest prevalence being observed in adolescents/young adults and in elderly subjects (Jarrett et al. 2001). Similarly, the relationship to socioeconomic status varies between countries with lower socioeconomic status being associated with a high prevalence of EBV-associated disease in early childhood whereas a higher socioeconomic status has been related to an adolescent/early adult life peak of EBV-associated disease (Grufferman et al. 2001). A possible relation of EBV-association to ethnic group in South Africa (Engel et al. 2000) may merely be a reflection of a previously observed link to socioeconomic status (Gutensohn et al. 1981). Overall, it appears that lower socioeconomic status and early contact with EBV is associated with a much higher incidence of childhood Hodgkin lymphoma whereas higher socioeconomic status and later contact is associated with a lower incidence and a delayed peak of EBV-associated disease occurring in adolescence and early adult life. 


The above figures on the prevalence of EBV-association relate to immunocompetent individuals, a higher percentage of positivity being observed in immunocompromised subjects (90% or more) who also show a higher incidence of Hodgkin lymphoma (increased about 6-fold in HIV-infected patients). Patients having methotrexate therapy for rheumatoid arthritis were also found, in one study, to have an increased incidence of Hodgkin lymphoma and five of seven cases were EBV-associated (Mariette et al. 2002).  


Various EBV genes have oncogenic potential including LMP-1, EBNA-1 and EBNA-2. Hodgkin’s and Reed-Sternberg cells express high levels of LMP-1 protein and mRNA for LMP-1, LMP-2A and LMP-2B are transcribed (Murray et al. 1999). A deleted form of LMP-1 was suspected of being particularly oncogenic but this suspicion was not supported by further observations (Chang et al. 1999). In a Spanish study, this deleted variant was found to be considerably more common in Hodgkin lymphoma in children and in HIV-positive patients than in HIV-negative adult patients (Santón & Bellas 2001). Sequence variations in the EBNA-1 gene have likewise been found not to be relevant to oncogenesis but merely indicative of the variant of virus prevalent in a given population (Chang et al. 1999).


Expression of EBV by the neoplastic cells of Hodgkin lymphoma has been found to be of prognostic significance in some but not all studies. It appears likely that the prognostic significance of an EBV-association varies between different countries, possibly reflecting differences in therapeutic regimes or a difference in the age or immune status of patients with Hodgkin lymphoma. Recently a favourable prognostic significance was noted in Romania (Cheveresan et al. 2001) and Spain (Morente et al. 2001) but not in the Italy and Greece (Herling et al. 2001) or Germany (Claviez et al. 2001, Von Wasielewski et al. 2001). In some studies the complete remission rate (Murray et al. 1999, Montalban et al. 2000), failure-free survival rate (Murray et al. 1999, Montalban et al. 2000) and the overall survival (Engel et al. 2000, Montalban et al. 2000) have been observed to be significantly better in EBV-positive cases. Postulated mechanisms of this better outcome are: (i) a higher level of expression of HLA-DR in EBV-positive cases; (ii) a lower level of expression of BCL-2 in EBV-positive cases; (iii) cytotoxic T-cell response directed at LMP-1 (Murray et al. 1999). Virus-specific cytotoxic T cells have been used experimentally in therapy (Roskrow et al. 1998). 
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Table 2

Patterns of gene expression in resting, latently-infected B cells and in different EBV-related lymphoproliferative disorders

	
	Latency 1 
	Latency 2
	Latency 3

	Pattern of expression of EBV RNA and EBV-encoded antigens
	EBERs +

EBNA1 +

EBNA2 and EBNA3 –

LMPs -
	EBERs +

EBNA1+

EBNA2 and EBNA3 –

LMPa, LMP2a and LMP2b +
	EBERs +

EBNA1, EBNA2, EBNA3a, EBNA3b and EBNA3c +

LMP1, LMP2a and LMP2b +

	Diseases in which pattern is present
	Burkitt lymphoma including those related to HIV-infection
	Most EBV-associated Hodgkin lymphoma
T cell lymphoma (also nasopharyngeal carcinoma)
	Infectious mononucleosis,          X-linked lymphoproliferative disorder, most post-transplant lymphoproliferative disorders,

HIV-related large cell lymphoma (also lymphoblastoid cell lines)


Table 1

Epstein-Barr virus-related lymphomas

	Type of lymphoma
	Comment

	Non-Hodgkin lymphoma—B cell
	

	           Burkitt lymphoma (classical, with 

                 plasmacytoid differentiation and 

                 Burkitt-like lymphoma)* 
	Almost all endemic cases, about a third of HIV-related cases, about 10-20 % of sporadic cases

	           Large cell lymphoma (B-lineage)

                    Primary CNS*

                    Extra-cranial* 

                    Primary body-cavity lymphoma*

                    Pyothorax-associated lymphoma

                    Plasmablastic lymphoma of oral 

                                cavity*                    
	Almost all cases in HIV-positive patients; occasional cases in patients with normal immunity

30-50% of cases in HIV-positive patients; occasional cases in individuals with normal immunity

In HIV-positive individuals, EBV and HHV8 are both implicated (HIV-negative cases may lack EBV)

Usually

More than half are EBV positive (probably all cases are HIV-positive)

	           Polymorphic post-transplant 

                    lymphoproliferative disorder‡
	Almost all cases

	Non-Hodgkin lymphoma—T cell
	

	           Nasal type-T/NK lymphoma of     

                   nasopharynx or other extranodal           

                   sites*

            Intestinal T-cell lymphoma†

            Intravascular T-cell lymphoma          
	Particularly but not only in individuals of Chinese, Japanese and Korean ethnic origin; prevalence also increase in Mexico and Central and South America

Higher prevalence of EBV association reported in Central and South America, Mexico and Japan than in Europe

Reported in Chinese individuals

	Classical Hodgkin lymphoma*
	

	           Nodular sclerosing

           Mixed cellularity 

           Lymphocyte depleted
	About a fifth of cases; nearly all HIV-associated cases

More than half of cases; nearly all HIV-associated cases

More than half of cases; nearly all HIV-associated cases


* Increased incidence in immunodeficient subjects

† Immunodeficiency likely because of underlying disease and 

‡ This condition is included in this table since most cases are clonal and are therefore probably neoplastic

Table 3

Chromosomal and molecular events associated with Burkitt lymphoma
	Chromosomal rearrangement
	Molecular event
	Frequency 

	t(8;14)(q24;q32)
	The entire coding sequence of MYC is translocated to 14q32, adjacent to the IGH gene
	85-90%

	t(2;8)(p12;q24)
	The ( gene is translocated from chromosome 2 to chromosome 8 where it is 3’ to MYC and orientated head to tail 
	c. 5%

	t(8;22)(q24;q11) 


	The ( gene is translocated from chromosome 22 to chromosome 8 where it is usually 3’ to MYC and orientated head to tail
	c. 5%


